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INTRODUCTION ) )
We have recently developed a method for studying the reactions of hydrogen atoms in solution.

The hydrogen atoms are generated in a flow system at 3 torr by a microwave discharge (2540-
MHZz) to produce a plasma of Hz and He or H alone (see Fig. 1).
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Fig. 1. Diagram of the Apparatus Used for the Generation of Atomic Hydrogen

The discharge gases are passed over a stirred solution of the substrate. Reactions take place and
produce thermolyzed intermediates. The correlation of the products produced from these
intermediates with the structure of the reactants yields fundamental and potentially useful
information. .

The reactions are efficient and surprisingly selective. Qualitatively the reaction rates follow the
order:

disulfides > sulfides > olefins > aromatics > alkanes

Reactions with Olefins - Hydrogen or deuterium atoms produced from hydrogen or molecular
deuterium in the cavity of a microwave generator were allowed to react with two olefins: 1-
octene and 1-methylcyclohexene. A detailed mechanism for the formation of the products, both
monomers and dimers, was determined. The addition reactions were regioselective, >99%
addition to the terminal carbon of l-octene and >99% to the secondary carbon of 1-
methylcyclohexene. No products from allylic abstraction were detected. The product ratios for
the addition of deuterium and protium were the same, see Tables 1 and 2.

[Table 1 and 2]

The disproportionation to combination ratios (kq/kc) of the l-methylheptyl and 1-
methylcyclohexyl radicals were determined at several temperatures. The extrapolated ratios

were found to be in good agreement with the literature values reported for reactions studied at
room temperature.

The 1-methyl-5-hexenyl radical formed by the addition of a hydrogen atom to the terminal
position of 1,6-heptadiene led to a complex mixture of products resulting from open chain and
cyclized radicals, see Table 3.

{Table 3)

The cyclized radicals were formed reversibly and the final product mixture contained only minor
amounts of cis-1,2-dimethylcyclopentane (the product of kinetic control) while the major
cyclized product was methylcyclohexane. Although an equilibrium mixture could not be
obtained the dimethylcyclopentyl and 3-methylcyclohexyl radicals were shown to be formed
reversibly, see Scheme 1.
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Reactions with Sulfides and Disulfides - The reactions of hydrogen atoms with a series of
unsymmetric disulfides were carried out. The regioselectivities and mechanisms of the reactions
were investigated. The primary products of the reactions are thiol and thiyl radicals. The
symmetric disulfides in the product mixtures were formed at -78°C by radical combination
reactions, and not by radical displacements on the unsymmetric disulfides. The displacement,
which favors attack of hydrogen on the least hindered sulfur is proposed to involve a metastable
trivalent sulfur intermediate. The reactions of hydrogen atoms with a series of unsymmetric
sulfides were carried out. A mechanism was proposed in which atomic hydrogen adds to the
sulfur and forms an intermediate. The cleavage of the intermediate favors the most stable
radical.

Reactions with Arenes2 - When hydrogenation atom promoted sidechain fragmentation of
arenes was investigated it was concluded that addition to the aromatic ring was reversible but
that when ipso-attack occurs alkyl radical fragmentation may take place. Saturation of the ring is
competitive with reversal or sidechain fragmentation. Polymerization of the arenes occurs even
at 135°C. The model compounds studied were: toluene, bibenzyl, 9-dodecylanthracene and
dodecylbenzene.
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Table 1. The products, vields and mechanisms for the reaction of He with 1-octene (-78°C)2

Products Yield (%) Mechanism®

DA~~~ 17.1 addition-disproportionation
RS SOV 269 addition-addition
DoAAA 30.8 addition-disproportionation
e g 2.8 addition-disproportionation
D-\=\/\N 9.1 addition-disproportionation
b

‘Sm 118

addition-dimerization

‘addition-radical addition

a Neat 1-octene.

b A (1:1) mixture of meso- and d,!-dimers.

¢ Monodeuterated alkane/monodeuterated alkene = 1.
d kg/ke = 2.4 at -78°C.

Table 2. The products, yields and mechanisms for the reaction of He with 1-methylcyclo-
hexene (-78°C)a.b

Products Yield (%) Mechanismd

15.3 addition-disproportionation

7.9

addition-disproportionation

addition-addition

39.4 addition-disproportionation

other®

o
.
o)
O
o

153

0.5

addition-disproportionation

addition-dimerization

addition-dimerization

8 Neat 1-methylcyclohexene.

b Monodeuterated alkane/monodeuterated alkene = 1.

¢ Five dimeric products.
dkyke =26.2.
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Table 3. Reaction of D+ with 1,6-Heptadigneab

Product %

Proposed Mechanism¢
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3
(d,!- and
meso-, 1:1)

12.5

26.3

8.7

11.4

6.0

53

39

7.0

58

D atom addition - disproportionation
D atom addition - disproportionation
D atom addition - D atom addition

D atom addition - disproportionation

D atom addition - cyclization - D atom addition
D atom addition - cyclization - disproportionation
D atom addition - cyclization - disproportionation
D atom addition - cyclization - D atom addition

D atom addition - cyclization - disproportionation

D atom addition - combination

a Concentration in acetone (0.16 M).

b Conversion = 3.1%.

¢ Pg/Ps = 1.46 (six membered ring/five membered ring products); monodeuterated
alkane/monodeuterated alkene; kg/ke = 2.3 (-78°C).
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